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Abstract 
To evaluate the usefulness of serological tests applied to monitor Trichinella free herds, 
Bayesian methodology was used to estimate the diagnostic test parameters: sensitivity, 
specificity and prevalence in the absence of a Gold Standard test. In the absence of Dutch 
serum samples for positive pigs, it is discussed how the diagnostic test parameters derived 
from panels of sera originating from regions with endemic Trichinellosis in Argentina can be 
used to estimate the test parameters. 
 
Introduction 
Trichinellosis is included in the EU white paper on food safety (EC Zoonosis Directive) and 
the costs for mandatory routine meat inspection of pigs, horses and game animals for 
Trichinella in the EU is estimated to 570 million € annually. A new EU directive concerning 
meat inspection for Trichinella spp., expected to come into force in 2006, offers new 
opportunities to monitor Trichinella-free herds using serological methods. In the Netherlands, 
Trichinellosis is absent in industrialised pig farming, and the serological monitoring might 
replace individual carcass control for those herds fulfilling the criteria of Trichinella-free 
herds even if this turned out to be more costly compared to the current monitoring. 
To evaluate the usefulness of serological tests applied to monitor Trichinella free herds, 
Bayesian methodology will be used to estimate the diagnostic test parameters: sensitivity, 
specificity and prevalence in the absence of a Gold Standard test. In the absence of Dutch 
serum samples for positive pigs, it is discussed how the diagnostic test parameters derived 
from panels of sera originating from regions with endemic Trichinellosis in Argentina can be 
used to estimate the test parameters. 
The diagnostic test parameters from the imperfect serological tests under validation together 
with prior knowledge about the historically recorded infection status of farms will be used to 
set up a surveillance system in the future. The surveillance system has to guarantee freedom-
of-infection to humans while using an imperfect test in a low prevalence population.  
 
 
Methods 
A total of 878 swine sera were collected during routine controls from 11 endemically infected 
regions in 6 provinces (Santiago del Estero, Santa Fé, 5 regions of Neuquén, 2 regions of Rio 
Negro, Chubut, and Tierra del Fuego) of Argentina on 18 different dates between 2000 and 
2006. The pigs were older than 3 months of age and belonged to small subsidiary farmers. 
The animals were kept for local consumption in small groups of 1 to about 10 pigs in corals 
with wooden sheds. 
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The sera were submitted for serological testing using: 2 Surface Plasmon Resonance tests (test 
1: standard SPR and test 2: SPR with enhancement) and 4 ELISA tests (test 3 to 6). Cut-off 
values were generated per test according to standard protocols. 
Overall prevalence, sensitivity, and specificity were estimated in the absence of a gold 
standard test using a Bayesian approach including a Gibbs Sampler as implemented in 
WinBUGS (Spiegelhalter et al. 2000). The test parameters were estimated using a linear 
regression for individual animal test data correcting for interdependence between tests and 
missing values (Swildens et al. 2005). To estimate diagnostic test parameters, the test results 
were grouped into two data sets: in data set 1 the intermediary results were considered to be 
positive while in data set 2 the intermediary results were considered to be part of the negative 
test results. Priors were set for the overall prevalence to peak around 10% (Larrieu et al 2004). 
Gamble et al. (2004) reported that the sensitivity of serological tests for Trichinella spp. was 
93.1 – 99.2% while the specificity lay between 90.6 and 99.4%. In this study, the  priors for 
the sensitivity and the specificity were set to peak close to 100% with a very large variance.  
 
Results and Discussion 
The number and percentages of negative, intermediary and positive test results are  shown in 
table 1.  
 
Test result Test 1 Test 2 Test 3 Test 4 Test 5 Test 6 
  number (%) number (%) number (%) number (%) number (%) number (%) 
Neg 837 (95.5%) 820 (93.6%) 785 (89.8%) 818 (93.2%) 458 (52.4%) 841 (96.0%) 
Intermediary 16 (  1.8%)   17 (  1.9%)   12 (  1.4%) - 325 (37.5%) - 
Positive 23 (  2.6%)   39 (  4.5%) 77 (   8.8%)    60 ( 6.8%)   91 (10.4%)   35 (  4.0%) 
       
Missing 2 2 4 0 4 2 
 
Table 1: frequencies and relative percentages of negative, intermediary, and positive test 
results for 6 serological tests applied to 878 Argentinian swine sera. 
 
Test 5 generates relatively many intermediary and positive test results at this cut-off value. 
This test is used in the endemically infected areas aimed at detecting as many infected pigs as 
possible to guarantee public health. The test results are confirmed using artificial muscle 
digestion and western blots. 
The tests 3 and 4 have the second highest frequencies for the detected positive and 
intermediary results followed by test 2, 6, and 1. The five latter test tests are being evaluated 
for the screening of pigs in regions characterized by very low prevalence of Trichinella 
spiralis with the aim of establishing a surveillance program to guarantee freedom of infection.  
The estimated overall prevalence, sensitivities and specificities without gold standard test are 
shown in table 2. For both data sets, the test with the highest median sensitivity and 
specificity is test 2, the enhanced SPR test, while the test with the median hightest specificity 
alone is test 6 for data set 1 and test 1 for data set 2. For comparison between test parameters, 
more important than the estimated median of the parameters are their confidence intervals. In 
table 2, it can be seen that the 95% confidence intervals for the sensitivity and specificity 
values are wider for data set 1 where the intermediary results were considered positive 
compared to data set 2 where intermediary results were considered as negative. This reflects 
the importance of the choice of cut-off values for the outcomes of tests, the true prevalence, 
and the estimation of the other test parameters without gold standard. The confidence 
intervals for the median estimates of the sensitivities overlap for all tests and both data sets 
allowing for no statistically significant difference between them. These comparisons are 
important when using the tests for different screening and surveillance purposes in regions 
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with different and very low prevalences. The overall estimated prevalence in this study is 
relatively low and with decreasing prevalence the estimation of test parameters will depend 
heavily on well-chosen priors. Obviously, the choice of the cut-off values influences the test 
outcomes very much and it should be considered to compare the results while working with 
statistical methods for generating test results without cut-off values.  
In Argentina, endemic Trichinellosis in pigs is a public health problem with a long history 
(Ribicich et al. 2005, Larrieu et al. 2004). The validation of serological tests for the detection 
of infected pigs as part of a surveillance system is therefore an important step in improving 
the public health situation for the rural population in the affected regions.  
  Data 1 Data 2 
  median (95% C.I.) median (95% C.I.) 
prevalence 0.052 (0.034 - 0.077) 0.049 (0.036 - 0.064) 
    
sensitivity test 1 0.852 (0.596 - 0.978) 0.664 (0.505 - 0.817) 
sensitivity test 2 0.973 (0.831 - 0.994) 0.959 (0.864 - 0.992) 
sensitivity test 3 0.969 (0.882 - 0.994) 0.972 (0.910 - 0.994) 
sensitivity test 4 0.946 (0.830 - 0.989) 0.943 (0.857 - 0.984) 
sensitivity test 5 0.959 (0.883 - 0.989) 0.860 (0.735 - 0.944) 
sensitivity test 6 0.794 (0.534 - 0.984) 0.834 (0.696 - 0.931) 
    
specificity test 1 0.991 (0.979 - 0.998) 0.997 (0.992 - 0.999) 
specificity test 2 0.980 (0.959 - 0.995) 0.995 (0.987 - 0.998) 
specificity test 3 0.941 (0.916 - 0.967) 0.953 (0.936 - 0.967) 
specificity test 4 0.971 (0.950 - 0.995) 0.969 (0.954 - 0.979) 
specificity test 5 0.550 (0.515 - 0.586) 0.928 (0.909 - 0.945) 
specificity test 6 0.993 (0.984 - 0.997) 0.992 (0.983 - 0.997) 
 
Table 2: estimated median overall prevalence, sensitivities, and specificities without gold 
standard including their 95% confidence intervals for 878 Argentinian swine sera submitted 
for 6 different serological tests; data set 1: the intermediary test results were considered to be 
positive, while in data set 2 the intermediary test results were part of the negative results 
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